Enterococcus timonensis sp. nov., strain Marseille-P2817 T , is a facultatively anaerobic, motile and non-spore-forming Gram-positive coccus which was isolated from the sputum of a healthy adult man in Marseilles. We present herein its phenotypic description together with MALDI-TOF (matrix-assisted laser-desorption/ionization time-of-flight) mass spectrometry analysis and genome sequencing and comparison. The genome of Enterococcus timonensis is 2 123 933 bp long with 38.46 mol% of G+C content, and it contains 1983 proteincoding genes and 65 RNA genes (including nine rRNA genes).
Introduction
As a part of the rebirth of culture, the culturomics approach has enabled the discovery of hundreds of new species isolated from human gut [1] , thus contributing to a dramatic increase in the repertoire of bacteria associated with humans. Taxonogenomics was recently introduced [1] to describe these new taxa, combining phenotypic characteristics such as mass spectrum by matrix-assisted laser desorption ionization time of flight mass spectrometry (MALDI-TOF MS) analysis, biochemical properties, and genomic characteristics including 16S rRNA gene phylogeny, DNA-DNA hybridization (DDH), and G+C content [2, 3] . Among strategies adopted to enhance the diversification of the specimen is to improve culturomic performances [1, 4] . In particular, inclusion of sputum samples allows description of the respiratory microbiota of healthy people, thus expanding the known repertoire of bacteria colonizing the respiratory tract.
We recently isolated Enterococcus timonensis strain Marseille-P2817
propose the description of the complete genome sequence and annotation.
Materials and methods

Ethics and sample collection
In February 2016, a sputum sample was obtained from a healthy 37-year-old French adult man living in Marseille, France. Informed and signed consent was obtained from the patient and the study was approved by the Institut Fédératif de Recherche 48, Faculty of Medicine, Marseilles, France, under agreement number 2016-011.
Strain isolation and identification by MALDI-TOF MS
and 16S rRNA gene sequencing Sputum samples were cultured using 18 different culture conditions of culturomics [4] . Strain Marseille-P2817
T was isolated on 5% sheep-blood-enriched Columbia agar (bioMérieux, Marcy l'Étoile, France), 10 days after being cultured in a culture bottle containing a blood-enriched Columbia agar liquid medium (BACTEC™ Plus Aerobic/F Culture Vials (Becton, Dickinson and Company)) with 4 mL rumen fluid at 30°C. This bacterium was tested for identification with a Microflex spectrometer (Brüker Daltonics, Leipzig, Germany) as previously described [9, 10] and the 12 spectra generated were compared to the 7,567 different bacteria found in our database by standard pattern matching (for which default parameter settings were applied), using MALDI BioTyper database software (version 2.0, Brüker). A resulting score of <1.7 didn't enable identification, and a 16S rRNA gene sequencing was performed as previously described [11] . Codon Code Aligner software (http://www.codoncode.com) was used to assemble and correct sequences, and BLASTn searches were performed in the National Center for Biotechnology Information (NCBI; http://blast.ncbi.nlm.nih. gov.gate1.inist.fr/Blast.cgi). Concerning similarity levels, for thresholds of 98.65% and 95%, a new species or a new genus was suggested respectively as proposed by Meier-Kolthoff et al., 2013 [12] and Kim et al., 2014 [13] .
Phylogenetic analyses
We used a custom python script to automatically retrieve all species belonging to the family of the new species and then downloaded 16S sequences from the NCBI by parsing NCBI eUtils results and NCBI taxonomy page. Only sequences from type strains were kept. In case of multiple sequences for one type strain, the sequence with the best identity rate from the BLASTn alignment with our sequence was selected. The 16S sequences are then separated into two groups: one containing the sequences of strains from the same genus (group a) and one containing the others (group b). The 15 closest strains from group a and the closest one from group b are finally kept. If the script is unable to get 15 sequences from group a, it selects more sequences from group b to get at least nine strains from both groups.
Growth conditions
To assess its range of growth temperatures, strain Marseille-P2817 T was cultured at different temperatures (25, 30, 37, 42 and 57°C) on 5% sheep-blood-enriched Columbia agar (bioMérieux) under aerobic, anaerobic and microaerophilic conditions using GENbag Anaer and GENbag miroaer systems (bioMerieux). Aerobic growth was achieved with and without 5% CO 2 . Also, a salinity test was performed at different concentrations (5, 10, 50, 75 and 100 g/L), and four different pHs (6, 6.5, 7 and 8.5) were tested.
Biochemical, sporulation and motility assays API Gallery systems-API ZYM, API 20 NE and API 50CH-were used to investigate biochemical analyses according to the manufacturer's instructions (bioMérieux). Catalase (bioMérieux) and oxidase (Becton Dickinson, Franklin Lakes, NJ, USA) tests were also performed separately. A thermal shock at 80°C for 30 min was done on bacterial colonies (diluted in phosphate-buffered saline) to check for sporulation ability in this bacterium. A DM1000 photonic microscope (Leica Microsystems, Nanterre, France) was used to assess the motility of the bacteria by observing the fresh colony between blades and slats with a 40 × objective lens. Finally, the 1 315 710 paired reads were trimmed and then assembled.
Antibiotic susceptibility
Genome assembly, annotation and comparison
The assembly of the genome was carried out using a pipeline combining different softwares (Velvet [16] , Spades [17] and Soap Denovo [18] ) on trimmed (MiSeq and Trimmomatic [19] softwares) or untrimmed data (MiSeq software only). For each of the six assemblies performed, GapCloser [20] was used to reduce gaps. We identified contamination with Phage Phix (BLASTn against Phage Phix174 DNA sequence) which was then eliminated. The scaffolds (<800 bp) were then removed, and scaffolds with a depth value < 25% of the mean depth were removed as they were identified as possible contaminants. The best assembly was selected by using different criteria (number of scaffolds, N50, number of N). For the strain Marseille-P2817 T , Spades gave the best assembly, with depth coverage of 239x.
We predicted open reading frames (ORFs) using Prodigal [20] with default parameters, but the predicted ORFs were excluded if they spanned a sequencing gap region (contains N). We searched for the predicted bacterial protein sequences against the clusters of orthologous groups (COGs) database using BLASTP (E-value 1e −03 , coverage of 0.7 and identity percentage of 30%). If no hit was found, we searched against the NR database using BLASTP with E-value of 1e −03 , coverage of 0.7 and identity percentage of 30%. If sequence lengths were <80 amino acids, an E value of 1e −05 was used. The tRNA genes and rRNAs were found using tRNAScanSE tool [21] and RNAmmer [22] , respectively, while we predicted lipoprotein signal peptides and the number of transmembrane helices using Phobius [22] . ORFans were identified if all the performed BLASTP did not give positive results (E-value <1e −03 for ORFs with sequence size >80 aa or E-value <1e −05 for ORFs with sequence length <80 amino acids). The HMMscan of the HMMER3 suite [23] were used to search PFAM conserved domains (PFAM-A and PFAM-B domains) on each protein. We searched PKS and NRPS against the ClusterMine360 [24] and analysed the resistome by using ARG-ANNOT database [25] . Toxin and antitoxin were found using a database composed of TADB database [26] and homemade toxin and antitoxin of Rickettsia and Wolbachia (which were provided by Cristina Socolovschi). The mobilome was analysed using Phantome [27] , ICEs (ICEberg) [28] , ACLAME [29] , GYSPSYDB [30] and CRISPR [31] . For the latter we used spacer and repeat database to reconstruct CRISPR module. A homemade database [32] was used to find bacteriocin. Virulence factors were analysed by using both VFDB [33] and MvirDB [34] . Species which had to be compared were automatically retrieved from the 16s RNA tree using Phylopattern [35] . For each selected species, complete genome sequence, proteome and ORFeome sequences were retrieved from the FTP of NCBI. If no complete and available genome was found for one specific strain, a complete genome of the same species was used. If ORFeome and proteome were not predicted, Prodigal was used with default parameters to predict them. Protein Ortho was used to analyse all proteomes [36] . Then for each couple of genomes, a similarity score was computed. This score is the mean value of nucleotide similarity between all couples of orthologous genes between the two genomes studied (AGIOS) [3] . An annotation of the entire proteome was performed to define the distribution of functional classes of predicted genes according to the COG of proteins (using the same method as for the genome annotation). Two parameters were determined to evaluate the genomic similarity among the compared strains, dDDH that exhibits a high correlation with DDH [12, 37] and AGIOS [3] which was designed to be independent from DDH. We used the GGDC web server to perform Genome-to-Genome Distance Calculator (GGDC) [12] . Annotation and comparison processes were performed in the Multi-Agent software system DAGOBAH [38] that included Figenix [39] libraries which provided pipeline analysis. (Fig. 1) . A representative reference spectrum was therefore added to our IHU Méditerranée Infection database (http://www.mediterranee-infection.com/ article.php?laref=256&titre=urms-database) (Fig. 2) , and a gel view shows the comparison between the spectrum of strain Marseille-P2817 T and that of the phylogenetically closest species (Fig. 3) .
Phenotypic description
Growth was observed at 25, 30 and 37°C under aerobic, microaerophilic and anaerobic conditions on blood-enriched Columbia agar, with optimal growth being obtained aerobically at 37°C after 24 h of incubation. Strain Marseille-P2817
T grew in saline conditions of 5 g/L, and weak growth was observed also at 10 g/L. The strain tolerated pH values of 6, 6.5, 7 and 8.5. The cells were motile and non-sporulating, and they formed smooth, convex, grey colonies with a mean diameter of 1 mm on blood-enriched Columbia agar. Under electron microscopy, the bacteria had a mean diameter of 0.65 μm and a length of 1.1 μm (Fig. 4) . The major fatty acids were 9-octadecenoic acid (34%) and hexadecanoic acid (33%). Several fatty acids composed of 18 carbon atoms were also listed: 18:2n6 (16%); 18:0 (11%); 18:1n6 (1%) and 18:1n7 (TR). No branched structures were found (Table 2) .
Strain Marseille-P2817 T was both catalase-negative and Oxidase -API 50CH (Table 3) . Susceptibility to antimicrobial agents was interpreted according to the EUCAST recommendations leading to the following MIC results. Cells were susceptible to teicoplanin 0.75 μg/mL, vancomycin 1 μg/mL and amoxicillin 0.038 μg/mL, and intermediate for benzylpenicillin (0.002-32 μg/mL) 0.75 μg/mL, benzylpenicillin (0.016-256 μg/mL) 1 μg/mL and imipenem 0.75 μg/mL. Cells were resistant to metronidazole 256 μg/mL, cefotaxime (0.002-32 μg/mL) 6.0 μg/mL, ceftriaxone (0.016-256 μg/mL) 16 μg/mL and ertapenem 2 μg/mL. MICs toward agents for which breakpoints do not exist are distributed as follows: daptomycin 2.0 μg/mL, rifampicin 1.0 μg/mL, minocycline 0.094 μg/mL, amikacin 48.0 μg/mL, erythromycin 0.75 μg/mL, tobramycin 3.0 μg/mL, fosfomycin 12.0 μg/mL, and doxycycline 0.38 μg/mL.
The biochemical and phenotypic features of strain Marseille-P2817
T were compared to the corresponding features of other close representatives of the Enterococcus genus (Table 4) . We observed that all the species were facultatively anaerobic, Gram-positive, and positive for N-acetylglucosamine, Dglucose, D-fructose, D-maltose, D-lactose.
Genome properties
The genome of strain Marseille-P2817 T (genome accession no. FNVY00000000) was 2 123 933 bp long with 38.46 mol% of G+C content (Fig. 5) . It is composed of four scaffolds (composed of four contigs). Along the 2048 predicted genes, 1983 were protein-coding genes and 65 were RNAs (three genes were 5S rRNA, three genes were 23S rRNA, three genes were 16S rRNA, and 56 genes were tRNA genes). Putative functions were attributed to a total of 1507 genes (76%) (by COGs or by NR blast); 112 genes (5.65%) were identified as ORFans, other genes were annotated as hypothetical proteins (261 genes 13.16%) ( Table 5 ). The properties and statistics of the genome are summarized in Tables 5 and 6 . The distribution of genes into COGs functional categories is presented in Table 6 .
Genome comparison
The draft genome sequence of strain Marseille-P2817 T was compared to that of the closest species in the Enterococcus genus: Enterococcus casseliflavus strain NBRC 100478 (BCPT00000000), Enterococcus gallinarum strain FDAAR-GOS_163 (CP014067), Enterococcus asini strain ATCC_700915 (ASVU00000000), Enterococcus dispar strain ATCC_51266 (AHYR00000000), Enterococcus saccharolyticus subsp. saccharolyticus strain ATCC_43076 (ASWN00000000), Enterococcus rotai strain LMG_26678 (CP013655), Enterococcus hirae strain ATCC 9790 (CP003504), and Enterococcus silesiacus strain LMG_23085 (CP013614). It is smaller than the genomes of E. silesiacus, E. rotai, E. hirae, E. asini, E. saccharolyticus subsp. To evaluate the genomic similarity among studied strains of the Enterococcaceae, we determined two parameters: AGIOS (average of genomic identity of orthologous gene sequences) [4] , which was designed to be independent from DDH, and The total is based on the total number of protein-coding genes in the annotated genome. (Table 8) . Those values are under the 70% threshold, thus confirming the new species status [40] [41] [42] . Furthermore, the distribution of genes into COGs categories was similar in all compared genomes (Fig. 6 ).
Conclusion
In conclusion, based on the phenotypic, phylogenetic and genomic analyses, we suggest the creation of a new species, Enterococcus timonensis sp. nov., that contains the strain Marseille-P2817
T . This bacterial strain has been isolated from the sputum of a healthy adult man from Marseilles, France.
Taxonomic and nomenclatural proposals
Description of Enterococcus timonensis sp. nov Enterococcus timonensis (ti.mo.nen'sis, N.L. masc. adj., timonensis from the Latin name of the Hôpital de la Timone, hospital in Marseille, where strain Marseille-P2817
T was isolated) exhibited smooth, convex, grey colonies with a diameter of 1 mm on 5% sheep-blood-enriched Columbia agar. Cells showed a mean diameter of 0.65 μm and a length of 1.1 μm. This bacterium is a Gram-positive, non-spore-forming and motile coccus. Optimal growth was obtained aerobically at 37°C after 24 h of incubation. It is both oxidase-and catalase-negative. The reactions were positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase, α-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, α-galactosidase, β-glucuronidase, α-glucosidase, α-mannosidase, α-fucosidase, β-galactosidase, nitrate reduction, aesculin hydrolysis, gelatine hydrolysis, assimilation of mannose, mannitol and potassium 
